Objectives: Advanced glycation end products (AGEs) are involved in the pathogenesis and complications of diabetes mellitus (DM). Gestational DM (GDM) is characterized by increased glycemia and oxidative stress, which are factors associated with high serum AGE concentrations. The aim of this study was to evaluate the utility of a serum fluorescence AGE (F-AGE) method as a screening tool for gestational diabetes. Subjects and methods: Serum samples from 225 GDM patients and 217 healthy pregnant women (healthy controls) were diluted 50-fold in phosphate-buffered saline, and the AGEs were estimated by fluorometric analysis (λ Ex 350 nm/ λ Em 440 nm). Results: No significant (P > 0.05) differences in AGE concentrations, expressed in Arbitrary Units (UA/mL × 10 4 ), were observed in the women with GDM or in the healthy controls. Furthermore, F-AGE concentrations did not change significantly during the pregnancy (12-32 weeks of gestation). Only the GDM group had a positive correlation (r = 0.421; P < 0.001) between F-AGEs and serum creatinine concentrations. Conclusion: It was not possible to distinguish women with gestational diabetes from the healthy controls on the basis of serum F-AGE concentrations. Arch Endocrinol Metab. 2017;61(3):233-7.
INTRODUCTION
A dvanced glycation end products (AGEs) are generated by the non-enzymatic reaction of a sugar ketone or aldehyde group with the free amino groups of proteins, amino acids, lipids, and nucleic acids under conditions of hyperglycemia and oxidative stress (1, 2) . AGEs may cause tissue injury both directly, through phenomena such as trapping and cross-linking, and indirectly, by binding to specific receptors such as receptors for AGE (RAGE), which is expressed on the surface of numerous cell types, such as macrophages, monocytes, endothelial cells, neurons, and smooth muscle cells (3, 4) . The AGE-RAGE interaction can lead to oxidative stress, production of growth factors and cytokines, chronic inflammatory responses, and cellular and vascular dysfunction (5, 6) .
Elevated AGEs concentrations are associated with several diseases, including diabetes mellitus (DM) (5, 7, 8) . DM is a pathology characterized by hyperglycemia, oxidative stress, inflammation, and consequently, the AGE-RAGE interaction is enhanced (1, 5) . While some studies have shown that AGE concentrations are higher in type 1 (T1D) and type 2 (T2D) diabetic patients than in healthy subjects, especially in diabetes with secondary complications (9, 10) , others have shown that AGE concentrations are also elevated in gestational DM (GDM) (11, 12) , and still other studies have demonstrated that AGEs concentrations were not significantly different between women with GDM and healthy pregnant women (13, 14) . However, a standard method to measure AGEs has not yet been established, making it difficult to compare results (15) .
The absence of a universal method to measure AGEs is largely due to the characteristics of these compounds. AGEs constitute a large, complex, and heterogeneous group of molecules, and only some structures have been identified (1, 16) . Most AGEs have a characteristic fluorescence with an excitation maximum approximately at 370 nm and an emission maximum around 445 nm (20) . Unlike other methods, fluorescence spectroscopy is rapid, cost effective and sample preparation is simple.
In this study, the fluorescence method was applied to measure the AGEs in the serum of pregnant women with GDM and healthy pregnant women in order to evaluate the screening capacity of this method and to examine the relationship AGEs concentration to other biochemistry parameters.
MATERIALS AND METHODS

Subjects
A total of 442 unrelated Euro-Brazilian pregnant women were examined. Healthy pregnant women were classified as controls (n = 217). Women with gestational diabetes (GDM, n = 225) were classified by the criteria of the Brazilian Diabetes Society -2009 (21 
Clinical and laboratory data
Clinical and anthropometric data were collected from patient files or from electronic patient registers. Fasting (8 h) blood was collected in Ethylenediaminetetraacetic Acid tripotassium salt tubes (K 3 EDTA, Vacutainer ® , Becton Dickinson, New Jersey, USA) and Serum Separator tubes (Gel SST ® II Advance, Becton Dickinson, New Jersey, USA). The plasma and serum obtained were stored at -20 °C. The biochemical blood parameters were determined using an Architect Ci8200 system (Abbott Diagnostic Laboratory, Illinois, USA) with reagents, calibrators, and controls from the manufacturer ( Table 1) .
Fluorescent AGE assay
Measurement of fluorescent AGEs (F-AGEs) concentrations was based on the spectrofluorimetric detection (22) . Serum was diluted 50-fold with phosphate-buffered saline (KH 2 PO 4 1.06 mmol/L, NaCl 155.10 mmol/L and Na 2 HPO 4 .7H 2 O 2.97 mmol/L, pH 7.4) and homogenized with vortex mixer for 10 seconds. The diluted serum (300 µL) was transferred into black 96-well plates. The excitation and emission wavelengths were 350 nm and 440 nm, respectively (Spectrofluorimeter Infinitive M200, TECAN, Mannedorf, Switzerland). PBS solution was used as blank. The fluorescence intensity was expressed in arbitrary units per milliliter of serum (AU/mL) and in AU/g of total protein. The total protein was measured by the biuret method (Architect Ci8200 system, Abbott Diagnostic Laboratory, Illinois, USA). The analytical coefficient of variation (CVa) was determined intra-assay as 5.1% (n = 15) and inter-assay as CVa = 7.9% (n = 22). 
Statistical analysis
The Kolmogorov-Smirnov test was applied to test the data for a normal distribution. Variables with a normal distribution were reported as mean ± SD and those with non-normal distribution as median (interquartile range, 25-75% 
RESULTS
The clinical and laboratory characteristics of the healthy women and women with GDM pregnant patients are shown in Table 1 . The low fasting glucose and HbA1C concentrations suggested that the GDM patients had good glycemic control. Additionally, the low creatinine concentrations (< 106 µmol/L) indicate an absence of kidney damage. The F-AGEs concentrations expressed as arbitrary units per unit volume (AU/mL) and per mass of protein (AU/g) were not statistically significant (P > 0.05) between the two groups ( Table 1) . ROC curve analysis (Figure 1) , with the area under the curve (AUC) of 0.537 (P = 0.188), showed that the fluorescence assay did not have sufficient specificity (67.3%) and sensibility (48.7%) to classify the groups.
The F-AGEs were also not significantly different in four gestational periods (Figure 2 ). There was a significant positive correlation (r = 0.421; P < 0.001) between F-AGE concentration (UA/g protein) and serum creatinine concentrations in the GDM group (Figure 3) . Healthy pregnant women showed no correlation between F-AGE concentration and creatinine concentrations (r = 0.124; P = 0.049). Fluorescence spectroscopy is an easy and rapid method (22) . Different studies have shown that the fluorescence assay (detecting F-AGEs) can be used to distinguish type 1 (T1D) and type 2 (T2D) diabetic patients from healthy subjects (19, 22) . The high oxidative stress conditions associated with diabetes likely play a more important role in AGE formation, in particular in type 2 diabetes, than the hyperglycemic state (22) .
We postulated that GDM-induced mild hyperglycemia combined with oxidative stress could promote a significant increase in AGE concentrations when compared to that observed in healthy pregnant women. Therefore, we decided to evaluate the utility of a simple, fast, and inexpensive fluorimetric method to screen for GDM, where 96 samples could be processed in a short interval of time and with acceptable analytical performance (CVa < 8%; inter-assay). Our results showed that the proposed method could not be used to distinguish between the healthy patients and the GDM patients (Table 1) . The ROC curve analysis (Figure 1 ) confirms that fluorescent AGEs were not able to efficiently discriminate the studied groups by the low sensibility and specificity observed.
These results are also consistent with a previous study, which showed that the skin autofluorescence AGE, measured using the AGE-Reader (DiagnOptics Technologies BV, Groningen, The Netherlands), also failed to distinguish GDM patients from healthy pregnant women (13) . The authors justified this result due to mild severity and short duration of hyperglycemia in GDM at diagnosis. In our study, the good glycemic control observed in the GDM group (HbA1c 5.6%) likely explains the inability of fluorescence spectroscopy method to distinguish the GDM group from the healthy pregnant women. Therefore, we hypothesize that the presence of the mild hyperglycemia and oxidative stress in our GDM patients did not generate serum F-AGEs concentration enough to discriminate the groups studied. Buongiorno and cols. (11) differentiated GDM patients without adequate glycemic control from the control group by quantifying the AGE concentrations using the ELISA method, but could not differentiate women who previously had DM pregnancies and good glycemic control from healthy pregnant women.
In addition, in our population studied, no difference in F-AGEs was observed in the four major periods of gestation between the healthy women and women with gestational diabetes (Figure 2 ). On the other hand, AGE concentrations measured by the fluorescence method in the serum of Chinese GDM pregnant women in mid-gestational and later gestational periods were also similar, but higher when compared to those of healthy pregnant women in the same gestational periods (25) .
Of the correlations tested between F-AGE concentrations and biochemical blood parameters, the F-AGE was positively correlated with serum creatinine concentrations only in the GDM group (Figure 3 ). Similar results were described for T1D and T2D patients (r = 0.84; P < 0.001) (26, 27) . In contrast, a significant positive correlation between low molecular weight serum F-AGEs and serum creatinine was shown in individuals with only minimal renal disturbance or with normal creatinine concentrations (28) . Pentosidine (free form), an F-AGE, and possibly other AGEs are filtered through the glomeruli and reabsorbed in the proximal tubules (29) . Therefore, decreased glomerular filtration rate and tubule cell damage could also be involved in AGE accumulation, as suggested by Wagner and cols. (27) , who showed that patients with impaired renal function presented with increased serum CML and F-AGE concentrations and decreased creatinine clearance. In the present study, it is not clear why GDM pregnant women with normal serum creatinine concentrations presented with increased AGE concentrations, and more studies are necessary to determine the extent to which these findings are repeated elsewhere.
In summary, serum F-AGEs concentrations measured by fluorescence spectroscopy were not able to distinguish women with gestational diabetes from the healthy pregnant controls in our population.
